Object. Spinal osteochondromas (OCs) are rare and can originate as solitary lesions or in the context of hereditary multiple exostoses. Concurrent spinal cord compression is a very rare entity. The purpose of this study was to evaluate the authors' 10-year experience with the imaging characteristics and surgical outcome in patients with symptomatic spinal OC.
O steOchOndrOma is the most common benign tumor of bone. 48, 90, 108 These lesions constitute 10-15% of all bone tumors and 20-50% of all benign bone tumors. 90 An osseous component capped by cartilage is the hallmark of these tumors. Spinal OC is a rare but potential cause of spinal cord compression. 23 Only up to 3% of solitary OCs occur in the vertebral column, 4, 64 and this tumor is only slightly more common in the hereditary form. 64 Multiple OCs may be associated with HMEs (an autosomal dominant trait). 48, 90 Spinal cord compression by an isolated OC might be a diagnostic challenge because it is rare, has a gradual onset of symptoms, and is often inconspicuous on radiographs, 64, 120 whereas in patients with HME, the presence of neurological symptoms is, until proven otherwise, due to spinal cord compression caused by an evolving OC. 83 To be able to expect full recovery following surgery, a prompt diagnosis and evaluation of the spine is of utmost importance. 23 
Methods
This descriptive cohort study included 8 consecutive patients with spinal cord compression due to intraspinal OC who had undergone surgery over the past 10 years. For each case, the patient's age, sex, level of involvement, clinical presentation, imaging (plain radiographs, MR imaging, and CT scanning), surgical strategies, postoperative course, and outcome were studied. The same pathologist confirmed the diagnosis of OC in 7 cases, and chondrosarcomatous differentiation in another case, with histopathological examinations. The mean period Neurological manifestations, imaging characteristics, and surgical outcome of intraspinal osteochondroma Clinical article of follow-up was 4 years (range 1-10 years). Postoperative CT scans and radiographs were requested for all patients. We performed a thorough review of the medical literature using MEDLINE and Google search engines to check the English literature for reported cases of SOC, HME, and chondrosarcoma of the vertebral column. Patients' characteristics including age, sex, level of involvement (cervical, thoracic, or lumbosacral), site of origin on the vertebra (VB, pedicle, lamina, and so on), operative or nonoperative treatment, and the outcome for each case were all reviewed.
Results
There were 7 male and 1 female patient with a mean age of 34 years (range 17-60 years). Three of these patients had multiple exostoses of the appendicular skeleton, and a family history was positive for 2 of the 3 patients (66%). The tumor was located in the cervical spine in 3 (37.5%), thoracic spine in 2 (25%), and in the lumbar spine in 3 patients (37.5%). Hereditary multiple exostoses were seen in 1 patient with a cervical, 1 with a thoracic, and a third patient with a lumbar lesion. The origins of the lesions included the lamina, pedicle, VB, and superior or inferior facets (2 patients each, 25%).
Spinal cord compression was noted in the majority of patients. The duration of symptoms ranged from 1.5 to 8 years. In the lumbar group (Cases 1, 2, and 6), 1 patient presented with radicular pain and sciatica-type symptoms, and the other 2 presented with pseudoclaudication due to canal stenosis and radicular pain. All patients with cervical lesions (Cases 3, 4, and 7) demonstrated upper motor neuron lesions, including limb paresis, gait problems, hyperreflexia, and extensor plantar reflexes. No patient was found to have subcutaneous masses or spinal deformity (Table 1) .
In the cervical region, tumors originated mainly from the posterior elements of the spine (67% from the lamina). Within the thoracic canal (Cases 5 and 8), the tumor had its origin from the VB and superior articular facet. In the lumbar region, equal distribution was found for origins from the VB, pedicle, and inferior facet (33% each).
All patients underwent surgical decompression, and the postoperative course was uneventful. A posterior approach was used in 6 patients, and a combined anterior and posterior approach was used in 2 patients. Posterolateral fusion with pedicule screws and posterior fixation with Harrington rods was used for the patient in Case 8. For the individual in Case 5, the initial transpedicular approach failed. During reoperation, a combined anterior transthoracic and posterior approach for posterolateral instrumentation and fusion was performed. Lesion resection was considered complete except in Case 7, where the lesion origin was from the C-7 pedicle (Fig. 1) . Postsurgical improvement was observed in the majority of our patients. The functional recovery was complete in 3 patients with a lumbar lesion and in 1 with a cervical lesion (Cases 1-3 and 6). For 2 patients (Cases 4 and 7) who had severe spinal cord compression on preoperative MR imaging and severe neurological deficit, improvement was partial but discernible. The prognosis was poor in patients with thoracic lesions. One of these patients died 1 year later, and the other showed slow improvement. Improvement was partial for the patient in Case 8 due to his delay in accepting surgical intervention. He died 1 year later due to widespread metastases to the lung and liver. For the patient in Case 5, there was an immediate exacerbation of lower-extremity motor weakness due to spinal cord ede- ma; however, following surgery, this patient was able to walk with the aid of a walker after the 2nd week, and his symptoms subsided over 8 weeks. Gradual improvement was observed and he was able to walk independently 4 months later. Postoperatively, patients were followed for 1 to 10 years (mean 4 years), and there was no evidence of recurrence or sarcomatous differentiation at follow-up observation. One of our patients (Case 8) died 1 year after surgery due to pulmonary metastases and known chondrosarcoma. The overall mortality rate was 12.5%.
Adding our patients to the literature, a total of 176 patients were found, including reports of SOC with spinal cord compression (79 cases), HME with cord compression (74 cases), and lumbar lesions (SOC or HME; 13 cases). We also considered the cases of malignant transformation, which included the last 10 cases.
The SOC group with cord compression involved 79 patients ( Table 2) ; 66% of the patients were male and 34% were female, and the mean age was 28 years. The cervical region was the most common level of involvement (58%), and the thoracic region was the second most common (41%). The C-2, C-3, and C-6 were the most commonly affected vertebrae within the cervical region (27, 22 , and 18%, respectively), whereas within the thoracic level, T-4 was the most commonly affected area (24%). Surgery was performed for nearly 89% of patients, and the overall outcome was good in 84%. The patients who received no treatment all died (3 patients).
Patients with cervical HME and spinal cord compression (Table 3 ) consisted of 31 male and 17 female patients (male/female ratio 1:8). The mean age was 17 years, and a positive family history was found in 56% of patients. The C-2, C-5, and C-7 were most commonly involved (43, 15 , and 12%, respectively). Surgery was performed for 93% of patients, and the outcome was good or improved in 90% of patients. Death due to disease was the absolute outcome of those who went untreated.
In the group of patients with thoracic HME with spinal cord compression (Table 4) , there were 18 male and 8 female patients (69 vs 31%). The mean age was 21 years. Family history was positive in 58% of patients. The upper thoracic vertebrae (T1-4) were the most common level of involvement (54%), whereas the lower thoracic vertebrae (T9-12) were the least commonly affected (12%). Surgery was performed for 100% of patients, which led to a good outcome in 77%.
Among patients with lumbar OC (Table 5) , there were 3 with HME and 8 cases of SOC. Two other patients were not specified to any group. The male/female ratio was 8:3 and the mean age was 35 years. The family history was positive for all HME cases. The articular process was the most common site of involvement. Surgery was performed for nearly all patients, and the overall outcome was good in nearly all patients.
The group of individuals with chondromatous transformation consisted of 10 patients (Table 6 ); 6 had HME and 4 had SOC. Family history was positive in 67% of patients with HME. The male/female ratio was almost 9:1 and the mean age was 31 years. Thoracic or cervical levels were mostly involved (80 and 20%, respectively); T-8 was the most commonly affected vertebra (30%). 
Discussion
Osteochondroma constitutes more than 40% of bone tumors. 13, 64 These lesions originate from within the periosteum and grow progressively by endochondral bone formation. 22 It is considered to be an epiphyseal growth disorder of the perichondral ring of Lacroix, with lateral displacement of a part of the physis through the perichondral fibrous ring, which leads to aberrant epiphyseal development and growth at a right angle with respect to the long axis of the bone. 29 With aging, the cartilage tends to become thinner and disappears at multiple points on the tumor surface. Ratliff and Voorhies 109 described this phenomenon in a 66-year-old patient. These lesions are more common in the appendicular skeleton. 13, 36, 100, 108, 115 Although the estimated incidence of OC in the general population is reported to be 1%, 36 its actual incidence is unclear, because a substantial number of these tumors 
75,117
These bony tumors may be solitary or multiple (they are also known as HME). 49 As discussed in Román 113 and Solomon, 127 HME was first described by Boyer. The disease has had numerous names in the medical literature, including hereditary deforming chondrodysplasia, Ehrenfried disease, multiple chondromatosis, multiple cartilaginous exostoses, dyschondroplasias, Bessel-Hagel syndrome, and diaphyseal aclasis. As noted by Jaffe, 55 Stanley was the first who denoted the role of hereditary factors in 1849, and later on, in 1929, Stocks and Barrington showed the hereditary nature of the disease and found a positive family history in 64% of a total of 1124 patients. Hereditary multiple exostoses shows an autosomal dominant inheritance pattern, with incomplete penetrance in females. 90, 138 The incidence of the disease is 1 in 50,000, and it is one of the most important hereditary diseases of the musculoskeletal system. The severity of the disease is variable, and this has been confirmed by radiological studies; however, the determining factors have not been recognized yet. Genetic variations might play a role, and 3 specific loci have been mapped within the genome. These include EXT1 (18q), EXT2 (11p), and EXT3 (19p).
Spinal involvement occurs more frequently in HME than in SOC (9 vs 1%). 127 Reid 110 described the first case of myelopathy in patients with HME, and in 1907, Ochsner and Rothstein 98 reported the first case of cervical myelopathy in a patient with HME.
Both solitary and multiple OCs affect males more frequently than females (2.5:1). 20, 46 In our study, SOC affected only males, and OC due to HME affected males twice as often as females. Overall, in our experience, these lesions were found far more commonly in males than in females (male/female ratio 7:1).
Spinal involvement in SOC, which is not genetically transmitted, is between 1-4%, whereas in patients with HME, the vertebral column is affected in approximately 7-9% of cases. 20, 22, 36, 39, 40, 100, 115, 148 Whether HME or SOC may more commonly involve spinal column is a matter of debate. Some studies 2, 8, 65 have concluded that it is SOC, and others 16, 58, 93, 130 have asserted that HME is more prone to affect the vertebral column. Although our results support the earlier studies, we believe that this discrepancy is due to the fact that no study (including our own) is complete enough to make a conclusion because much of this literature is based on single case reports and probably underestimates the numbers from each group. Spinal cord compression by an OC is an unusual 22, 68 and extremely rare phenomenon, 78 because the majority of these lesions grow out of the spinal canal. 36, 101 Therefore, only 0.5-1% of spinal OC may present with neurological dysfunction. 13 Radiculopathy and/or myelopathy can occur during the clinical course of both types of OC, but spinal cord compression has been reported twice as often in patients with HME. 20 Osteochondroma is a disease of growing bone, and thus typically presents in younger patients. 13 Vertebral OC usually becomes symptomatic during the 2nd to 3rd decades of life; however, it has been described as late as the 8th decade. 78 The pathophysiological mechanisms of late-onset disease are not clearly understood, although some postulate that spinal OC may continue to grow after the completion of skeletal maturity. 39, 115 Sakai et al. 115 suggested that degenerative changes of the vertebrae might contribute to the initiation of symptoms in the elderly. However, others believe malignant transformation may abruptly increase the size of the lesion, 64, 120 and this may result in symptoms in older patients. Although seen as late as 60 years of age, only one of our cases had malignant transformation into a chondrosarcoma, at the age of 31 years. These tumors grow gradually during childhood and adolescence by endochondral ossification, 115 and patients with multiple OCs tend to be younger than those with the solitary form (22 years vs 30 years). 13 In our series, the youngest patient was 17 years old, the oldest was 60 years 31, M yes T8-9 pedicle de ath after 1 yr due to pulmonary metastases HME 6 mos old, and the mean age of all patients was 34 years. In our study, the average age for SOC and the HME-related OC group was 45.2 and 27.3 years, respectively. In our cohort, these lesions presented most commonly during the 4th decade of life (37.5%). Two (25%) of 8 patients presented during their 6th decade of life. Careful histopathological examination revealed no malignancy. Although one patient had a history of mild cervical trauma a few months before the initiation of his symptoms, we agree with Sakai et al. that the rarity of presentation of these tumors later in life might be attributable to simultaneous degenerative changes within the spinal canal.
The clinical manifestations of OC vary widely and can take the form of back pain or neurological deficit in the guise of myelopathy or radiculopathy.
78 Unspecific symptoms caused by spinal OC may lead to a delay between the onset of symptoms and the final diagnosis. 66 The slow growth of OC may result in gradual development of these neurological symptoms; however, acute symptoms may develop in some situations (for example, after sudden hyperextension of the spine or after falling).
67 Sudden death due to spinal cord transection at the level of the odontoid process has even been reported. 78 In our study, cervical or thoracic myelopathy and lumbar canal stenosis were evident on preoperative imaging in 62.5 and 25% of patients, respectively. Our entire patient group experienced gradual onset of symptoms (from 1.5 to 8 years), and the observed mortality rate was 12.5%.
Osteochondroma arises only on bone formed by enchondral ossification and consists of a bony outgrowth covered with a cartilaginous cap of variable thickness. 66 These lesions can arise from any part of the vertebral column, but the cervical spine is commonly involved (50%). 90 The C-2 vertebra is the most frequent site, 13, 75, 115, 120, 134 followed by C-3 and C-6.
78 This is interesting, because the cervical spine contains only 23% of all vertebrae. After the cervical spine, the thoracic spine is the second most common location (most commonly T-8, followed by T-4), and the lumbar spine is the least common site. 90 The thoracic spine contains only 26-28% of all spinal OCs, and makes up 40% of the vertebrae. 13 The increased rate of OC found in the cervical spine compared with the thoracic vertebrae may be attributed to the increased mobility of the cervical spine, which could lead to greater stress and microtrauma to the epiphyseal cartilage, with subsequent displacement. 8, 13, 78 In our study, cervical, lumbar, and thoracic OCs constituted 37.5, 37.5, and 25% of cases, respectively. In the SOC group, the tumor was most commonly seen in the cervical and lumbar regions (40% each), whereas in the HME group, lesions had an equal distribution within all 3 vertebral regions (33.3%). In our patients, the propensity of OC to affect mid-to-lower cervical and lower lumbar vertebrae was much higher than in other spinal regions (75%). We posit that the increased mobility in the lower cervical region and degenerative changes within the lumbar canal con- tributed to this local overrepresentation of symptomatic OC in our patients.
Osteochondroma typically arises from the pedicles or lamina, but can also arise from the VB. 64 The paucity of OCs within the VB (Fig. 2) may be explained by the absence of an epiphyseal plate. 13 On the other hand, the predilection for the neural arch could stem from the fact that it has numerous secondary ossification centers (for example, spinous, transverse, and articular processes) that appear between the ages of 11 and 18 years. 66 The cartilage of these secondary ossification centers could be the origin of aberrant islands of cartilaginous tissue, which increase the chance of developing OC. 101 The more rapidly the ossification process in these centers develops, the greater the probability of aberrant cartilage formation. These observations may explain why OC in the lumbar region is rare. In our series, an equal distribution was found between the VB, pedicle, lamina, and superior or inferior facets (25% each).
A complete imaging workup is required, 64 because surgical planning demands an exact definition of the site of origin of spinal OC. Spinal OC may be difficult to detect and interpret on plain radiographs because of the many superimposed structures found on various projections, 4, 33, 35, 106 and prospective interpretation of these lesions has been inconclusive in up to 79% of cases. 39, 78 Plain radiographs may show calcification but provide limited information. In our cases, plain radiography helped to identify lesions in 50% of patients (Figs. 1 and 3-5) . Computed tomography, 4, 20, 22, 36 preferably with myelography, is the imaging modality of choice. 78 Spinal exostoses are best visualized on CT compared with MR imaging, because the osseous nature of the lesion is most clearly delineated (Figs. 1-6 ). 8 The CT scan demonstrates a bony mass with a sharp border, a more lucent but organized center with cortex, and a medullary cavity continuous with the parent bone, and a thin cartilaginous cap. 78 The continuity of this lesion with underlying native bone cortex and the medullary canal on CT scans is pathognomonic for OC (Figs. 2 and 6 ). 90 A CT study is also very useful in clarifying the zone of attachment of OC, and therefore aids preoperative planning. 39 The following findings on CT scans may be considered as typical for spinal OC: 1) round, sharply outlined mass; 2) bonelike density with scattered calcifications; 3) paraspinal, dumbbell, or eccentric intraspinal location; 4) osteosclerotic changes in neighboring bone; and 5) lack of contrast enhancement. 68 Magnetic resonance imaging is useful in demonstrating the level and the extent of neural compression (Fig.  7) , along with the marrow content and the cartilaginous cap.
78 It usually shows a prominent peripheral rim of low intensity corresponding to ossification, and a small central core of intermediate signal similar to that of bone marrow, giving the mass a "bull's-eye" appearance. 33, 66, 78 In our series, small lesions on T2-weighted images had a homogeneous hypointense signal intensity, with thin, irregular iso-or hyperintensity. Larger lesions had mixed intensity, mostly hyperintense on T1-weighted images (Fig. 4) , and were hypointense on T2-weighted images (Fig. 1) . A chondroid tumor matrix within the cap may show increased signal intensity on T2-weighted images, but if the cap is thin or highly cellular, distinctive signal characteristics may be absent. 108 Both CT and MR imaging demonstrated the continuity of the exostotic bone cortex and marrow with those of the underlying bone, differentiating OC from other spinal masses. 23, 138 In some instances, thin-section or reformatted images may be necessary to demonstrate continuity. 64 Malignant transformation, usually into a chondrosarcoma, occurs in approximately 1% of SOCs and 10% of HMEs. 13, 27, 64, 82, 104 Some authors believe that this risk of malignant transformation is higher in the vertebral column. 55 Radiological findings may show consistent growth of exostoses after the closure of the growth plate, alterations in surface delineation in comparison with previous radiographic studies, internal lytic areas, erosion or destruction of adjacent bones, and the presence of softtissue masses containing scattered or irregular calcifications. 106 On MR imaging, malignancy is suspected when the thickness of the cartilaginous cap is > 2 cm in adults and > 3 cm in children. 142 Moreover, contrast-enhanced MR imaging may reveal a chondrosarcoma due to its septal enhancement, whereas with OCs, the tumor shows only peripheral enhancement. 48 Because the malignancy usually originates from the cartilaginous cap, measuring the thickness of the cap is very important in determining malignant degeneration. For superficially located lesions, the thickness of this cap can be easily measured by ultrasound, but for deeper-seated lesions such as in the spine, this is better done with MR imaging. 8, 138 The use of Gd-DTPA-enhanced MR imaging is an effective procedure for obtaining a differential diagnosis between malignant and benign lesions. 101 Generally, these lesions do not show contrast enhancement, 123 but mild enhancement may be present within the marrow. 64 We used Gd-DT-PA-enhanced MR imaging only in Case 6; these images showed significant contrast enhancement, even though in this patient the pathological investigation did not show malignant changes.
Bess et al. 8 emphasized that preoperative radiographic evaluation should consist of MR imaging and CT scanning to provide optimal information about the lesion, which helps with surgical planning. Nuclear medicine bone scans are useful in identifying additional lesions throughout the skeleton, 126 and can be used in patients with HME. A sudden increase in lesion size or the new onset of pain suggests malignant transformation. 64, 120 Due to a low rate of malignant transformation, asymptomatic SOC can be followed conservatively. 20, 47 When the tumor causes pain or neurological complications due to compression, or the diagnosis is indefinite, it should be excised at its base. When feasible, complete excision is recommended, because incomplete removal of the cartilaginous cap may lead to tumor recurrence. 4 Intralesional excision of the exostoses is associated with an unacceptably high recurrence rate and should be avoided. 8 For any recurrence, one should anticipate the possibility of malignant transformation of OC or of a lowgrade chondrosarcoma that was poorly classified initially. 39 Gille et al. 39 provided a comprehensive literature review and found that the risk of recurrence is 4% in spinal OC. The mean delay was 5 years before recurrence. In the series reported by Bess et al., 8 the mean recurrence time was 4.2 years, and recurrence was seen exclusively in patients with intralesional excision. In our study, no recurrence occurred over the follow-up period (mean 4 years) in patients with complete tumor removal. The patient in Case 6, with partial tumor removal, showed no recurrence of symptoms 2 years postoperatively. Chondrosarcomatous transformation happened in one of our patients with HME (Table 1 , Case 8).
Standard surgical approaches to the various spinal levels should be applied. 4 Because they usually arise dorsally or dorsolaterally, the most common approach to vertebral OC presenting with neurological symptoms is a decompressive laminectomy or hemilaminectomy (Fig. 8) , depending on the size of the lesion. 13, 40 Surgical removal of an OC usually results in excellent functional recovery. 23, 83 Recurrence rates after resection are approximately 2% 8, 39 with a highly variable disease-free interval, ranging from 1 to 26 years. 39 Albrecht et al. 2 and O'Brien et al. 97 consider the results of surgery to be good when total excision is accomplished. In the series by Bess et al., 8 the same conclusion was reached. In the latter study, 2 patients with intraspinal exostosis (originating from the L-3 spinous process and C-5 facet) received NSAIDs as the sole treatment. The results have been promising, and there was no need for surgery over a relatively long-term follow-up (11 and 15 years, respectively).
Conclusions
Although the results of these studies are interesting, we think extreme caution should be used in selecting patients with cord compression due to spinal exostosis for nonsurgical treatment. When chosen, this option should be applied to patients without any neurological deficit. Close and watchful follow-up will determine the need for surgery in these patients. A] and 7 [B] ). There was no recurrence during follow-up.
